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Application of optical-giber pins to explosive, pulse-power generators
R. 8. Caird, R. P. Benjamin, R. G. McQueen and D. J. Erickson

Los Alamos National Laboratory
Group M-6, MS J970, PO Box 1663, Los Alanos, New Mexico, 87545

Abstract

Arrays of optical-fiber pins, known as microballoon optical pins, have been used to diaj-
nose the dynamic deformation of an explosive pulsed-power generator. The pin data determine
the effccts of multimegampere electrical current lcading on generator performance. The pins
are required to work in the adverse environment of the generator, consisting of explosives
and explosive products and very large, rapidly-changing electrical currents that give rise
to intense electromagnetic interference.

The optical pin is a shock arrival-time sensor consisting of an optical fiber tipped with
a gas-filled microballoon about 200 microns in diameter. Whan a satrong presaure pulse
impinges on the microballcon, the shock-heated jas within the spherical shell emits a bright
flash. The light is transmitted via the optical fiber to an electronic strsak camera which
simultaneously records signals from many pins. The signals from an array of these sensors
measure the time profile of the impact of the explosive-driven armature witih the stationary
conical stator. Details of the microballoon pin are described at this meeting by Benjamin
and Mayer.

The microballoon pin was compared with the conventional flash-gap technique in which air,
confined in a much larger space, is shock-heated to produce a time-of-arrival flash. The
two methodr gave essentially identical results on the first shot. Since the microballoon
was more cnnvenient to use and indicated a greater range of usefulness in future
applications, we used it exclusively on the subsequent shots. The microballoon optical-
fiher pin gave us the data necessary for the next generator design iteration and will be
used extensively in the future.

Introduction

Explosive-driven magnetic flux compression generators have been utog for many years tO
produce -rtsgagauss magnetic fields and megajoule electrical pulses.’’ The chemical enerjy
of the explosive is converted to electrical energy. We have tested a large coaxial genera-
tor designed to produce 20 MJ of electrical energy in a 10 nH inductive .0cad with a cur-
vent-doubling time of 10 us. Microballoon optical-fiber pins were used to obtain Jata
needed for correcting future generator designs. The generator is shown schematically in
Fig. 1.

An initial curvent, which provides the working magnatic flux, is established in the coax-
ial qgenerator by the Jdischarge of a capacitor bank and the subsequent action of a helical
hoos .er Jenerator. The helical booster generator has a long rise-time and amplifies the in-
itial current by a factor of 10, The coaxial genecrator supplies a further current
amplification nof 5-6 with a shorter rise-time. The explosive (s detonated at the input end.
As the detonation front moves “oward the load and at a velocity of B.8 km/s, the armature is
driven radially outward at 3.3 km/s to form a conical shape. The magnetic flux {s trapped
batween the moving armature and the stationary stator and {s eaventually swept into the coax-
fal load volume. The internal diameter of the stator is about 63 cm at +the widest pcint.
The righ-performance axplosive is in a cylinder 23 cm {n diameter and 76.5 cm long. The to-
tal waight of explosive iin the booster and coaxial generators combined & about 150 kg. ‘he
atator carries currents in axcess of 50 MA, changing at rates of 5 « 10O A/s. The physical
and alectromagnetic environments are therefore harsh in the extreme. We are replacing ot
complamenting many of our electrical diagnostice by optical techniques.

A c¢ruclial feature of the gjenerator lesign requires matching the cone angle at the output
anl of the stator ae clorely 18 possible to the cone anyle of the armature in order tH

minimize the cuirent rise-time. This configuration maximizew the rate at which flux {4
pishad 1nto the 1lnad., tnder no-lrad (zero currert) conditinns, Lt (s relatively eamy *->
calsulate and measure this angle, lt in quite Jiffrcult, however, to calculate the armaturae

rot{on in the presence of curreita that produce magnetie forces in the gigapascal range. We
proposed  to  eatimate thesn affects by ms.isuring the arrival time of the armatura at the
mtator over the length of *he Hutput cone. "he overwhelming electrical background militated
agjainat  the use of elactrial pine. We theraforn chose to use an optical sijnal couplel by
optical fibaers as indicated in Fig. 1.
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Figure 1. Coaxial generator with optical arrival-time pins imbedded in thes stator.

Experimental arrangerwnt

The optical pin stationw verg Jdistributed in two straight 'ines on the surface of the
stator cone with 16 stations per line. The lines were 90° apart to permit an estimate of
the agimuthal symmetry of the armature motion. The stator w's fabricated with a half-angle
of 19Y--- our computed estimate of the armature cone angle under full-current conditions.
The first station was 2.5 cm below the top of the cone. The remaining stations were dis-
tributed at equal intervals along a slant distance of 49.5 cm to the output throat. A blind
hole was drilled into t. o0 stator at each statior to reciive a microballoon or flash-gap at
the bottom of the hole. When the armature struck the statur, a strong shock was sent
through the stator wall aud impinged on the optical pin. The listance from the hottom of
the hole to the inner surface of the stator was held ronstant to equalize the transit times
of the shocked material. The microballnons were gas-filled glass or plastic spheras about
200 microns in diameter glued ¢ » the ends of optical fibers with aa index-matching rasin.
When a strong, fast pressure pulca traverses the sphere, the shock-heated gas emits a bright
flash of light. Thie light is then tranamitted by the Iptical fiber to an electronic streak
camera in the firing bunker 25 m away. The run of the fihars was carefully positioned so
that no shock waves from the explouive could damige the fibers before the impact measurament
was completed. A more Jdetailes dencrtpt&on of the optical-fiber pin is qiven In an
accompanying paper by Benjemin and Mayer.

The first ehot employed both flash-gaps and microoeiloona. The flash-gap technique is
commonly used in explosive equaticn-of-state measurements. The irrangement consisted of o
thin aluminum shim at the hottom nf the hole, an air 7ap and a transparent plastic disc.
The flash gap and the microballoon pin »perate on the same basic principle. The alvr 7Jap
flashes when a shock wave rune through it, giving rise to the optical siqnal. The plastic
Acts toy couple the light to an optical fiber an! also to quench the signal after several
shock traversals within the alr jap.

The Imacon electronic sweep camer.s wera sot to qive 1 tatal asweeap record covering 15 us
on the first shot and 13 .s on subsequent shots. The marquence of avants from the lscharge
o€ the capacitor banit through the i(nitiacion and ran<up of the helical and boveter jenera-
tors to final impact nccupied 4H0 us. A umall percentage error codld have caused the camera
to trigyer too early or too late ro racord the arvature-primary collision. Therafore, we
used such slow sweep speeds t) provide A jenarce allowance for possible timing arrors.
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However, we found that our timing was accurate to a few microseconds and the signale fell in
the central region of the sweep on all four shots. The camera resolution was only 100 ns
for these shots gwing to the slow sweép speeds. The turn-on time of the pins was probably
less than 10 ns.

The fiber-holder at the camaras had space for only 16 pins on these shots in order to
simplify the early trials. Two cameras were available for the first shot to implement the
comparison of the microballoons and the flash gaps. We had only one camera on the last
three experiments: therefore, only half the stations were occupied. There is no reason the
number of pins recorded could not be increased to 100 (set by the spatial resclution of the
camara).

Experimental results

The first shot was fired with an initial current of 2 MA provided by the capacitor bank
alone. do helical booster was used. The purpose was to check the no-load predictions and
the diagnostic techniques. The data from the first shot are plotted in Fig. 2. Top and
side refer to the two lines of stations 90° apart. The arrival time is plotted against the
station number.
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The armature first hits the stator near the input end and sweeps rapidly toward the output
end. Por comparison, a predicted arrival curve is presented that was calculated from a two-
dimensional hydrodynamics code. This predicted curve is very sensitive to the armature cone
angle --- a change of 0.5% in the angle would entirely remove the one microsecoad discrep-
ancy near station l4. Such angular accuracy exceeds the accuracy of the code; consequently,
we conclude that the agreement is excellent. The departure from linearity at station 14
reflects the fact that the armature shape departs from a cone at small expansions. It is
also svident that the flash-gap data are indistinguishable from those of the microballoons.

The succeeding three shots were conducted at full current and amployed microballoon pins
entirely since they were more convenient to field and seemed applicable to a wider variety
of asitcationa, Good data were obtained on all thres shots. The data from one of the tests
are plotted in Fig. 3. The peak current was 50 MA. Again, the no-load curve is displayed
for comparison purposes. On the basis of this data, we were able to conclude that the gen-
erator dynamics were unaffected by current loading at the 50 MA level.

An intereating effect was evident in the records of the three full-power shots. An
early, low-intensity streak was observed in many cases prior to the bright flash that
indicated the arrival of the main shock. We conjecture that the magnetic forces caused the
stator to move a few tenthas of a millimeter before the generator run was complete. The
early light signal might be eliminated by leaving a small gap between the bottom of the hole
and the pin.
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Conclusions
The microballoon fiber-optic pim has proved its reliability and usefulness as a shock-
arrival sensor in the very hostile environment of explosive-driven generator experiments.
We plan to employ its capabilities extensively in future generator development.
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